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Imaging the destruction of SRO clusters in a slip band using Quantitative Electron
Diffraction (QED). QED is a method in which a small objective aperture would be centered and the electron beam would be quantitatively tilted, effectively probing local information in the reciprocal space with a resolution defined by the size of the objective aperture. During the process, a set of BF/DF images would be taken with their associated reciprocal space coordinates.
A 2D × 2D dataset would be generated, with which virtual aperture reconstruction could be performed by stacking certain BF/DF images together according to their reciprocal space coordinates. Though the spatial resolution is slightly sacrificed due to the limitation of the small objective aperture as well as the extremely long exposure time, a huge benefit of QED is the extended hybrid dynamic range enabled by image stacking. This is particularly advantageous in the current study as the SRO effect is inherently diffuse and the structural information in the slip band would be further diluted by the sample thickness. The reconstructed virtual DF image of the slip band is shown in fig. S1 (a), where a uniform dark contrast is visualized in the slip band.
Dislocations in the slip band show only very faint contrast as only information from the superlattice diffraction is selected by the virtual apertures. This contrast indicated a lack of ordering in the slip band that is caused by planar dislocation behaviors.
Identification and optimization of SRO-enhanced domains.
Prior to the data analysis, the energy-filtered DF images were filtered by a dark reference subtraction. According to the energy-filtered diffraction pattern and DF image shown in Fig. 2 , there is no directional streaking of the diffuse superlattice peaks and due to no predominant shape that could be identified in the images, we assumed spherical domain shapes for our analysis. SRO-enhanced domains were identified and measured through Gaussian template fitting, where 2D convolutions with the DF image were conducted using a list of differently sized 2D Gaussian templates (with different values of standard deviation). The stack of result images was further analyzed through circular Hough transform to identify all signal peaks. The intensity cutoff was set according to the best fit result. Overlapping entities were deleted to ensure an accurate size measurement. Detailed algorithm is demonstrated as below.
1. The standard deviation range of the Gaussian templates were set to 1.3 to 30 pixels (with a 0.1 interval) based on the pixel size of the DF image (0.056nm/pixel).
2. 2-D Gaussian kernels with the same resolution of the DF images were constructed.
The radius assumed for the SRO-enhanced domains was set to 1.3*sigma to best match the contrast observed in the DF image.
3. To suppress the background noise during convolution, each Gaussian kernel were normalized by a larger Gaussian function to give a zero summation. Here is the
4. The domain signals in the DF image were identified by 2D Gaussian Hough transform. For each kernel in the list, a 2-D convolution between the DF image and the kernel would be performed
Where is the DF image, ℎ is the kernel and y is the convolution result. 5. After each convolution, pixels of the convolution result would be compared to a data storing array, if the current pixel has a higher signal, the corresponding value would be updated in the data storing array. Another similarly sized array was used to store the associated kernel size of the highest signal. 6. After the iterations, the pixel values were first filtered by the domain diameter range and the peak signal cutoff. Then the local peaks in the result array were identified if a pixel has higher value than all of its eight neighbor pixels.
7. The identified peaks were ordered and checked in a "brightest to dimmest" manner according to their pixel value. If dimmer peaks appear in the radius of a brighter peak, they would be deleted. This process is to eliminate overlapping entities.
8. The remaining peaks were treated as identified domains.
A manual inspection was carried out to estimate the domain sizes and gain a reference for the optimization of parameters. Two critical parameters that would impact the identification are the minimal signal cutoff and the domain diameter range. The optimization process is summarized in fig. S5 . In the case of a high signal cutoff or a narrow diameter range, the algorithm will miss some of the major contrast, whereas, in the case of a low signal cutoff or a wide diameter range, the algorithm will pick up lots of small intensity fluctuations that are from the camera noise. The optimized recognition is shown in fig. S5 (e) in which the 7734 identified domains contain 254 manually identified ones that were marked by the blue circles.
Calculation of the volume fraction of SRO-enhanced domains.
As mentioned in the Methods section, the SRO domains were identified and measured through Gaussian template fitting algorithm. There are = 9593.4 SRO domains identified, with their diameter measured, in the energy filtered DF image (Fig. 2 (a), (b) ). As shown in fig. S4 , 
The result is used in the calculation of the mechanical properties.
It is easy to know that Ti = 4.506 g/cm 3 and Ti = 47.867g/mol. Therefore, the volume associated with each atom could be calculated, 
